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MULTI-LUMEN CATHETERS AND 
METHODS OF USE AND MANUFACTURE 


5 BACKGROUND OF THE INVENTION 

The present invention relates to multi-lumen catheters for medical and 
diagnostic procedures. Such procedures include cardiovascular, neurosurgical, 
pulmonary and other interventional procedures, including repair or replacement of 
aortic, mitral and other heart valves, repair of septal defects, congenital defect repairs. 

10 pulmonary thrombectomy, coronary artery bypass grafting, angioplasty, atherectomy, 
treatment of aneurysms, electrophysiological mapping and ablation, neurovascular 
procedures, general anesthesia, and cardiopulmonary bypass. 

Various multi-lumen catheters are disclosed in U.S. Patent No. 5.584.803 to 
Stevens et al. and U.S. Patent No. 5.682,906 to Sterman et al. which are hereby 

15 incorporated by reference. These catheters are useful in arresting a patient's heart and 
maintaining the patient on bypass support while the heart is arrested. Once the 
patient's heart is arrested and the patient is on bypass support, the patient is ready for 
surgery on the heart, great vessels and other portions of the circulatory system. 

An advantage of the catheters described in U.S. Patent Nos. 5,584,803 and 

20 5.682,906 is that direct access to the heart through a median sternotomy is not 

required. Elimination of the median sternotomy reduces the pain and trauma to the 
patient as compared to conventional open chest surgery. In conventional open chest 
surgery, an external cross-clamp, which is introduced through the large opening in the 
chest, is used to occlude the ascending aorta. The catheter systems described in U.S. 

25 Patent Nos. 5,584,803 and 5,682,906 provide an aortic occlusion catheter which 

replaces the conventional external cross-clamp for occluding the ascending aorta. An 
advantage of the aortic occlusion catheter is that the aorta is not crushed or distorted 
which may reduce the release of emboli thereby reducing stroke incidents. Various 
aortic occlusion catheters are described in U.S. Patent Application Serial No. 

30 08/782,1 13 to Corvi et al. which is hereby incorporated by reference. 

Blood is withdrawn from the patient through a venous cannula and directed to 
a bypass system which oxygenates and pumps the oxygenated blood back to the 
patient through an arterial cannula. A vent catheter vents blood from the pulmonary 
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artery thereby assisting the venous cannula in withdrawing blood and preventing 
blood and other fluids from pooling in the heart. The vent catheter also serves as a 
diagnostic tool since high blood flows through the vent may indicate improper 
positioning of the venous cannula. 
5 An object of the present invention is to provide improved multi-lumen 

catheters and methods of use. The following description of the invention is directed 
to various specific catheters for the purpose of illustrating specific procedures in 
which the catheters of the present invention are useful, however, the multi-lumen 
catheters of the present invention may be used for other procedures and in other parts 
10 of the body. 

SUMMARY OF THE INVENTION 

In accordance with the objects of the present invention a method of 
constructing a multi-lumen catheter is provided. The multi-lumen catheter has a first 

15 tube having a first lumen and a first wall. The multi-lumen catheter also has a second 
tube having a second lumen and a second wall. The second tube is positioned in the 
first tube and is unattached to the first wall for a distance of at least three inches, more 
preferably at least five and most preferably at least 10 inches. A cap is attached to the 
end of the first tube and has a first opening which receives the second tube. An 

20 advantage of passing the first tube through the second tube is that the overall 

flexibility of the catheter is enhanced. Conventional multi-lumen catheters, such as 
extruded catheters, have internal walls separating the lumens which increases the 
stiffness of the catheter. The multi-lumen catheter of the present invention has good 
flexibility as compared to conventional, extruded multi-lumen catheters which is 

25 important when passing the catheter through the patient' s vascular system. Flexibility 
is particularly important when the catheter uses flow-directing features for placement. 

The present invention is also directed to a method of accessing a patient's 
pulmonary artery. A pulmonary artery catheter is inserted into a peripheral vein. The 
catheter has a first lumen, a second lumen, and an expandable member movable from 

30 a collapsed position to an expanded position. The first lumen has a first outer wall 
and the second lumen has a second outer wall. The second outer wall passes inside 
the first outer wall and is unattached to the first outer wall for at least three inches. 
The expandable member, which is preferably a balloon, is expanded after the 
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expandable member has been passed into the right atrium. The expandable member is 
then used to flow-direct the catheter through the tricuspid and pulmonary valves and 
into the pulmonary artery. In a preferred method of the present invention, blood is 
withdrawn through the pulmonary artery catheter and directed to a bypass system. 

5 The present invention is also directed to a method of occluding a patient's 

ascending aorta and returning blood from a bypass system. An aortic occlusion 
catheter is inserted into a peripheral artery such as the femoral or subclavian arteries. 
The aortic occlusion catheter has a first lumen, a second lumen, and an occluding 
member movable between a collapsed position and an expanded position. The 

10 second lumen passes through the first lumen and is unattached to the lumen for at 

least three inches, more preferably at least five and most preferably at least ten inches. 
The first lumen is enclosed by a first wall and the second lumen is enclosed by a 
second wall with the first wall being attached to the second wall at a distal end of the 
first lumen. The aortic occlusion catheter is advanced into the patient until the 

15 occluding member is positioned in the ascending aorta. The occluding member, 
which is preferably a balloon, is then expanded to occlude the ascending aorta. 
Oxygenated blood from a bypass system is introduced into the patient through the first 
lumen. In a preferred method, the second lumen is coupled to a source of 
cardioplegic fluid and cardioplegic fluid is infused into the patient to arrest the 

20 patient's heart in preparation for surgery. 

These and other objects and advantages of the present invention will become 
apparent with the following description, drawings and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 Fig. 1 shows a catheter system having a venous cannula, an aortic occlusion 

catheter and a pulmonary artery venting catheter; 

Fig. 2 shows the pulmonary artery venting catheter of Fig. 1 ; 
Fig. 3 is a cross-sectional view of a distal end of the catheter of Fig. 2; 
Fig. 4 is a cross-sectional view of the distal end of the vent catheter of Fig. 3 
30 along line A-A; 

Fig. 5 is a cross-sectional view of the distal end of the vent catheter of Fig. 3 
along lineB-B; 
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Fig. 6 is an isometric view illustrating the elements used to form the distal end 
of Fig. 3; 

Fig. 7 is a cross-sectional view of the proximal end of the catheter of Figs. 2-6: 
Fig. 8 is an isometric view illustrating the elements used to form the proximal 
5 end of Fig. 6; 

Fig. 9 shows the aortic occlusion catheter: 

Fig. 10 is a cross-sectional view of the aortic occlusion catheter of Fig. 9 alone 
line C-C; 

Fig. 1 1 is a partial cross-sectional view of a proximal end of the aortic 
10 occlusion catheter of Fig. 9 around line D-D; and 

Fig. 12 is a partial cross-sectional view of the distal end of the blood flow 
lumen of the aortic occlusion catheter of Fig. 9 around line E-E. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

15 Referring to Fig. 1 , a catheter system 2 for arresting a patient's heart and 

maintaining the patient on bypass support is shown. A venous cannula 4 withdraws 
blood from the patient and directs the blood to a bypass system 6 which preferably 
includes a pump and oxygenator, however, the patient's own lungs may also be used 
to oxygenate the blood. A catheter 8 cooperates with the venous cannula 4 to 

20 withdraw blood from the patient and direct the blood to the bypass system 6. The 
catheter 8 has a lumen 10 through which blood is withdrawn from the pulmonary 
artery and directed to the bypass system 6. The catheter 8 also has a balloon 12 for 
flow-directed placement into the pulmonary artery as will be described below. The 
catheter 8 is introduced through a conventional introducer sheath 15. 

25 Another catheter 14 is used to return blood to the patient from the bypass 

system 6. The catheter 14 has a first lumen 16 coupled to the bypass system 6 to 
return oxygenated blood to the patient. The catheter 14 has a second lumen 18 
coupled to a source of cardioplegic fluid 20 and a third lumen 22 coupled to a pressure 
sensor 24 for measuring pressure in the ascending aorta. Cardioplegic fluid is 

30 delivered through the second lumen 1 8 to arrest the patient's heart in preparation for 
surgery on the heart and circulatory system. The catheter 14 also has an occluding 
member 26 for occluding the patient's ascending aorta. The occluding member 26 is 
preferably a balloon which is coupled to an inflation lumen 28 for inflating the 
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balloon from a source of inflation fluid 30 such as a syringe filled with saline. The 
catheter 14 is described in greater detail below in connection with Figs. 9-12. 

Referring to Fig. 2. the catheter 8 for venting the pulmonary artery is shown. 
The lumen 10 terminates at a barbed connector covered by a removable cap 32. After 

5 removing the cap 32, the barbed connector is coupled to a vacuum relief valve 34 with 
tubing 36. The vacuum relief valve 34 is, in turn, coupled to the bypass system 6 (see 
Fig. 1 ) with tubing 38. A balloon inflation lumen 40 is coupled to a syringe 42 filled 
with air or carbon dioxide for inflating the balloon 12. The balloon 12 may be made 
of any suitable material and is preferably made of polyurethane having a wall 

10 thickness of about 0.002 inch. The balloon 12 preferably inflates to a diameter of at 
least 0.3 inch and more preferably at least 0.4 inch. If the balloon 12 is designed to 
occlude a vessel, such as a pulmonary artery, the balloon 12 preferably inflates to a 
diameter of at least 0.6 inch and more preferably at least 0.7 inch. 

A distal portion of the catheter 8 is shaped to facilitate placement of the 

15 catheter 8 in the pulmonary artery when introduced through the internal jugular or 
subclavian vein. The distal portion may also take any other shape which facilitates 
introduction through another blood vessel such as the femoral vein. The distal portion 
of the catheter 8 has a radius of curvature of about 1 .4-1 .6 inches and subtends an 
angle of about 150-170 degrees. A contamination guard 44 prevents contamination of 

20 the catheter 8. The contamination guard 44 has a connector 46 which engages a 
connector on the introducer sheath 15 (see Fig. 1). 

Referring to Figs. 3-6, the catheter 8 has an outer wall 48 which encloses the 
lumen 10. An opening 50 at the distal end is fluidly coupled to the lumen 10 for 
withdrawing fluid from or infusing fluid into the patient through the lumen 10. A 

25 number of holes 52, preferably eight, in the outer wall 48 enhance flow into and out of 
the lumen 10. An inflation hole 54 couples the interior of the balloon 12 to the 
inflation lumen 40. The lumen 10 preferably has a cross-sectional area of between 
0.003 inches 2 and 0.013 inches 2 and more preferably 0.005 inches 2 and 0.008 inches 2 . 
The inflation lumen 40 preferably has a cross-sectional area of between 5 x 10" 5 

30 inches 2 and 2 X 10" 4 inches 2 and more preferably between 8 x 10' 5 inches 2 and 1X10" 
4 inches 2 . Alternatively, the lumen 10 is preferably at least twenty times, more 
preferably at least forty times, and most preferably at least 60 times larger than the 
inflation lumen 40. 
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Referring to Figs. 3 and 5. the inflation lumen 40 passes through the lumen 10 
and has a wall 56 which is not attached to the outer wall 48. An advantage of 
separating the inflation lumen 48 from the lumen 10 is that the catheter 8 is very 
flexible. Many conventional multi-lumen catheters, such as multi-lumen extruded 
catheters, are somewhat rigid since the internal walls forming the multi-lumen 
structure add stiffness as compared to a simple, single-lumen tube. By passina the 
inflation lumen 40 through the lumen 10. the catheter 8 provides multiple lumens 
without sacrificing flexibility as compared to a multi-lumen structure. Flexibility is 
particularly important when using flow-directed placement since the catheter 8 must 
be flexible enough to be displaced by the flow-directing balloon 1 2. The inflation 
lumen 40 preferably extends through the lumen 10 for an unattached length of at least 
three inches, more preferably at least five and most preferably at least ten inches. The 
unattached length is preferably near the distal end of the catheter in that the unattached 
length begins no more than 2 inches and more preferably no more than 1 inch from a 
15 distal tip 57 of the catheter 8. 

Referring to Figs. 3 and 6, the method of manufacturing the distal end of the 
catheter 8 is shown. The outer wall 48 includes a shaft 58 and an extension 60. The 
extension 60 has the holes 52 therein to enhance flow into and out of the lumen-1 0: 


10 


The shaft 58 is preferably made of polyurethane having a wall thickness of between 
20 0.017 inch and 0.021 inch and more preferably between 0.018 inch and 0.020 inch. A 
helical reinforcing element 62, which is preferably a stainless steel wire, is embedded 
in the shaft 58 to reinforce the shaft 58. The reinforcing element 62 has a thickness of 
0.003 inch and a width of 0.012 inch. Although the reinforcing element 62 has a 
rectangular cross-sectional shape, the reinforcing element 62 may have any other 
25 cross-sectional shape such as circular. The shaft 58 is formed by wrapping the 
reinforcing element 62 around a tube of polyurethane having a thickness of 0.0030 
inch. Another polyurethane tube having a thickness 0.0035 inch is placed over the 
reinforcing element 62. A shrink tube is then placed over the entire structure and the 
structure is heated to form an integrated structure. The shrink tube is then removed. 
30 The reinforced shaft 58 preferably has a length of at least 62 cm and more preferably 
at least 72 cm. The extension 60 and shaft 58 are then bonded together preferably 
with thermal jaws which also apply compression during cooling. 
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The distal end of the cap 64 is placed in a mold with a blocker in the first 
lumen 68. The mold is shaped to give the distal end of the catheter 8 the rounded, 
atraumatic shape of Fig. 3. A soft tip 70 is then attached to the distal end of the cap 
64. The soft tip 70 is preferably made of polvurethane having a thickness of 0.01 1 
5 inch. The soft tip 70 is placed over the distal end of the cap 64. a shrink tube is placed 
over the soft tip 70 and the soft tip 70 is then heated to melt and fuse the tip 70 to the 
cap 64. The soft tip 70 conforms generally to the curved, atraumatic shape of the cap 
64 as shown in Fig. 3. The cap 64 is also notched to form the inflation opening 54. 
The inflation lumen 40 is bonded to the cap 64 at a proximal location 65. 

10 Blockers (not shown) are inserted into the lumen 10 and inflation lumen 40 to prevent 
the lumens 10, 40 from collapsing when heated. The cap 64 and inflation lumen 40 
are then placed in a hot box to fuse the inflation lumen 40 to the cap 64 at the 
proximal location. Referring to Fig. 4, the inflation lumen 40 is only bonded to the 
cap 64 at the proximal location. 

15 The inflation lumen 40 and the outer wall 48 are attached to a cap 64. The cap 

64 has a first lumen 66, which receives the inflation lumen 40, and a second lumen 68 
which is coupled to and serves as an extension of the lumen 10. 

The cap 64 is positioned inside the extension 60 and a shrink tube (not shown) 
is placed over the interface between the cap 64 and extension 60. Thermal jaws are 

20 closed over the shrink tube and the structure is heated to bond the cap 64 to the 

extension 60. The balloon 12 is then bonded to the shaft 48 by bonding the distal end 
first, inverting the balloon 12. then bonding the proximal end of the balloon to the 
shaft 48. The distal end of the catheter 8 is then given the curved shape shown in Fig. 
2. 

25 Referring to Figs. 7 and 8, exploded and cross-sectional views of the proximal 

end of the catheter 8 are shown. A proximal end of the shaft 58 is heat bonded to a 
proximal extension 72. A hole 74 is formed in the proximal extension 72 through 
which the inflation lumen 40 passes. A lumen lead 76 is passed over the inflation 
lumen 40. The lumen lead 76 has a beveled end 78 which contacts the proximal 

30 extension 72 so that the lumen leads 76 extends from the proximal extension 72 at an 
angle as shown in Fig. 2. A shrink tube is placed over the lumen lead 76 and the 
proximal extension 72 and a blocker (not shown) is positioned in the inflation lumen 
40 and proximal extension 72. The lumen lead 76, proximal extension 72 and 
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inflation lumen 40 are then heated so that the lumen lead 76 and proximal extension 
72 fuse together and bond to the inflation lumen 40 as shown in Fig. 7. The lumen 
lead 76 and the proximal extension 72 are then attached to conventional connectors. 
The extension 72 is preferably a tube of polyurethane having a thickness of 0.01 1 
5 inch. The lumen lead 76 is preferably a polyurethane tube having a thickness of 0.0 1 5 
inch. 

The catheter 8 is preferably configured to withdraw blood at a rate of at least 
50 ml/min, and more preferably at least 125 ml/min. At the same time, the pressure of 
the blood withdrawn through lumen, at temperatures ranging from about 4°C to 40°C. 

10 should be no lower than -300 mmHg, and preferably no lower than -1 50 mmHs. In an 
exemplary embodiment, the lumen preferably has a diameter ID of at least about 2.0 
mm. and usually about 2.2-3.0 mm. thus having a cross-sectional area of at least about 
4.0 mm 2 , and usually 4.2-9.0 mm 2 . 

The catheter 8 is introduced percutaneously or by surgical cut-down into a 

15 peripheral vein such as the internal jugular, subclavian or femoral vein. The catheter 
8 is preferably introduced percutaneously through the 9 French introducer sheath 15 in 
the internal jugular or subclavian vein. Once the sheath 15 is in place, the balloon 12 
is deflated and the catheter 8 is advance d until the hallnnn 12 is beyond a hemostasia 
valve in the sheath 15. The connector 46 on the contamination guard 44 is coupled to 

20 a connector on the introducer sheath 15 to lock the contamination guard in place and 
prevent contamination of the catheter 8. The catheter 8 is advanced until the balloon 
12 is in the right atrium. The balloon 12 is then inflated so that the balloon 12 will 
flow-direct the catheter through the tricuspid and pulmonary valves and into the 
pulmonary artery. The balloon 12 is then deflated and the catheter 8 is ready for 

25 withdrawing blood from the pulmonary artery. Although a specific use of the catheter 
8 described herein is for withdrawing blood from the pulmonary artery, the catheter 8 
may also be used in any other part of the patient for any other purpose. For example, 
the catheter 8 may be used in the pulmonary artery for cardiac output monitoring via 
therrnodilution, measurement of pressure in right atrium, right ventricle and 

30 pulmonary artery, wedge pressure and transvenous pacing. Such additional 

procedures may be performed by adding another lumen, such as a pressure lumen, 
which floats through the lumen 10 like the inflation lumen 40. The cap 64 would 
simply include another through-lumen 68 which would be coupled to the pressure 
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lumen. Thus, although the catheter 8 includes only the lumen 10 and inflation lumen 
40 the catheter 8 may also have other lumens for other uses. Finally, the catheter 8 is 
described in connection with catheter system 2. however, the catheter 8 may be used 
with any other catheters without departing from the scope of the invention. For 
5 example, the catheter 8 may be used with an arterial cannula and an aortic occlusion 
catheter as described in U.S Patent Application Serial No. 08/782.1 13 by Corvi et ai- 
med January 13. 1997. 

Referring now to Fig. 9. the catheter 14 for occluding the ascending aorta and 
delivering oxygenated blood to the patient from the bypass system 6 is shown. The 

10 catheter 14 has an occluding member 26, which is preferably a balloon, for occluding 
the ascending aorta. When the occluding member 26 is a balloon, the inflation lumen 
28 is coupled to the source of inflation fluid 30 (see Fig. 1) which is typically a 
syringe filled with saline. A distal portion 83 of the catheter 14 is shaped to facilitate 
placement of the catheter 14 in the ascending aorta when introduced through the 

15 femoral artery. The occluding member 26 may be made of any suitable material and 
is preferably made of polyurethane having a wall thickness of 0.005 to 0.006 inch. 
The occluding member 26 preferably expands to a diameter of at least 1.0 inch and 
more preferably at least 1 .5 inches. 

Referring to Figs. 10-12, the catheter 14 has an outer wall 82 which encloses a 

20 body 84. The outer wall 82 is relatively stiff and is not collapsible so that the integrity 
of the first lumen 16 is maintained even when the outer wall 82 passes through 
tortuous vessels. The body 84 has the inflation lumen 28 and second and third lumens 
18, 22. The body 84 passes through the first lumen 16 and is unattached to the first 
lumen 16 for at least three inches, more preferably at least five inches and most 

25 preferably at least 10 inches. The lumens 18, 22, 28 are not attached to the outer wall 
82 which enhances the flexibility of the catheter 14. As discussed above, multi-lumen 
catheters can become somewhat rigid due to the walls separating the lumens. By 
decoupling the lumens 1 8, 22, 28 from the outer wall 82 the multi-lumen catheter 
retains flexibility. The body 84 may be formed in any conventional manner and is 

30 preferably formed in the manner described in U.S. Patent Application Serial No. 

08/782,1 13 filed January 13, 1997 by inventors Corvi et al. A difference between the 
body 84 and the catheters described in U.S. Patent Application Serial No. 08/782,1 13 
is that the body 85 has a longitudinal reinforcing element 86. The longitudinal 


9 


WO 00/04942 PCIYUS99/10180 

reinforcing element 86 reduces elongation of the body 84 when tensile forces are 
exerted on the body 84. 

Referring to Fig. 12. a cross-sectional view of the distal end of the catheter 14 
is shown. The outer wall 82 includes a shaft 86 and an extension 88. The outer wall 
5 82 is preferably long enough to reach the ascending aorta from a peripheral artery, 
such as the femoral, axillary or subclavian arteries, and has a length of at least 19 
inches and more preferably at least 39 inches. The shaft 88 is preferably made of 
urethane having a wall thickness of 0.016 inch. A helical reinforcing element 90, 
which is preferably a stainless steel wire, is embedded in the shaft 86 to reinforce the 
10 shaft 86. The reinforcing element 90 has a thickness of about 0.006 inch and a width 
of about 0.010 inch. Although the reinforcing element 90 has a rectangular cross- 
sectional shape, the reinforcing element 90 may have any other cross-sectional shape 
such as circular. The shaft 86 is formed by wrapping the reinforcing element 90 
around a tube of urethane having a thickness of about 0.013 inch. Another urethane 
15 tube having a thickness of 0.003 inch is then placed over the reinforcing element 90. 
A shrink tube is then placed over the entire structure and the structure is heated to 
form the shaft. The shrink tube is then removed. The extension 88 and shaft 86 are 
then bonded to g ether. A l.tho.ugh.it -is_preferred-to,couple-the-lumens-l 8-2-2-^ 28- 


together in the body 84, the lumens 18, 22, 28 may also be structurally separated from 
20 each other similar to the catheter 8 described above. Thus, the lumens 1 8, 28 may be 
positioned within the lumen 20 similar to catheter 8 or each of the lumens 18, 20. 22 
may pass independently through the first lumen 16 without departing from the scope 
of the present invention. The proximal end of the shaft 86 is attached to a proximal 
extension 87 which is formed in a manner similar to the proximal extension 72 of 
25 Figs. 7 and 8. 

The catheter 14 is preferably configured to deliver blood at a rate of at least 4.7 
ml/min, and more preferably at least 5.9 ml/min. At the same time, the pressure of the 
blood delivered through main lumen, at temperatures ranging from about 4°C to 40°C, 
should be no higher than 300 mmHg, and preferably no higher than 200 mmHg. In an 
30 exemplary embodiment, the main lumen preferably has a diameter ID of at least about 
0.236 inch, and usually about 0.269 inch, thus having a cross-sectional area of at least 
about 0.0437 inches 2 , and usually 0.0568 inches 2 . 


10 


WO 00/04942 PCT/US99/1 01 80 

A method of using the catheter 14 is now described. The catheter 14 is 
introduced into the patient through a peripheral artery such as the subclaivian or 
femoral arteries. The catheter 14 is advanced until the occluding member 26 is 
positioned in the ascending aorta. The occluding member 26 is expanded to occlude 
the ascending aorta and cardioplegic fluid is delivered to arrest the patient's heart. 
Blood is withdrawn through the venous cannula 4 and then returned to the patient 
through the first lumen 16 in the catheter 14. 

While the present invention has been described herein in terms of certain 
preferred embodiments, it will be apparent to one of ordinary skill in the art that 
many modifications and improvements can be made to the invention without 
departing from the scope thereof. For example, the outer wall may have more 
openings therein for enhanced blood flow out of the lumen or the occluding member 
may be a mechanically actuated member. 
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1 I . A method of endovascularly accessing a pulmonary artery comprising the steps 

2 of: 

3 inserting a pulmonary artery catheter into a peripheral vein, the catheter having 

4 a first lumen, a second lumen, and an expandable member movable from a collapsed 

5 position to an expanded position, the first lumen having a first outer wall and the 

6 second lumen having a second outer wall, the second outer wall being unattached to 

7 the firsfouter wall and being positioned within the first outer wall for a distance of at 

8 least three inches: 

9 expanding the expandable member to the expanded position after the inserting 

10 step; 

i I passing the distal end of the catheter through the tricuspid and pulmonary 

1 2 valves so that at least a portion of the catheter is positioned in the pulmonary artery. 

1 2. The method of claim 1, wherein: 

2 the expanding step is carried out so that the catheter is flow-directed with the 

3 ex pandable member directi ng the catheter.in-the-flirerrinn-nf-bin»^-fi ow - 


1 3. The method of claim 1 , further comprising the step of: 

2 withdrawing blood from the pulmonary artery through the first lumen. 

1 4. The method of claim 1 , wherein: 

2 the inserting step is carried out with the expandable member being an 

3 inflatable balloon, the balloon being coupled to the second lumen. 

1 5. The method of claim 4, wherein: 

2 the inserting step is carried out with the balloon expanding to an outer 

3 dimension of at least 0.4 inches. 

1 6. The method of claim 4, wherein: 

2 the inserting step is carried out with the distance being at least five inches. 
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1 7. The method of claim t , wherein: 

2 the inserting step is carried out with the distance being at least ten inches. 

1 8. The method of claim 1 . wherein: 

2 the inserting step is carried out with the first lumen having a cross-sectional 

3 area of between 0.003 inches" and 0.013 inches 2 . 

1 9. The method of claim 8. wherein: 

2 the inserting step is carried out with the first lumen having a cross-sectional 

3 area of between 0.005 inches 2 and 0.008 inches 2 . 

1 1 0. The method of claim 1 . wherein: 

2 the inserting step is carried out with the first outer wall having a helical 

3 reinforcing member embedded therein. 

1 11. The method of claim 1 , wherein: 

2 the inserting step is carried out with the first lumen having a cross-sectional 

3 area which is at least 20 times larger than the cross-sectional area of the second 

4 lumen. 

1 12. A multi-lumen catheter: comprising: 

2 a first tube having a first lumen and a first wall; 

3 a second tube having a second lumen and a second wall, the second tube being 

4 positioned in the first tube and being unattached to the first wall for a distance of at 

5 least three inches; and 

6 a cap attached to an end of the first tube, the cap having a first opening which 

7 receives the second tube. 

1 1 3. The catheter of claim 12, wherein: 

2 the cap has a hole passing through the member, the hole being fluidly coupled 

3 the first lumen. 
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1 14. The catheter of claim 12. wherein: 

2 the first wall has at least one hole therein leading to the first lumen. 

1 15. The catheter of claim 12. further comprising: 

2 a balloon; 

3 the second lumen being coupled to the balloon for inflating the balloon. 

1 1 6. The catheter of claim 1 2, wherein: 

2 the first lumen has a cross-sectional area at least forty times larger than a 

3 cross-sectional area of the second lumen. 

1 17. A method of occluding a patient's ascending aorta and delivering cardioplegic 

2 fluid to the patient, comprising the steps of: 

3 providing an aortic occlusion catheter having a first lumen, a second lumen, 

4 and an occluding member movable between a collapsed position and an expanded 

5 position, the second lumen passing through the first lumen and being unattached to the 

6 blood flow lumen for a distance of at least three inches, the first lumen being enclosed 
b y a first wall and the second_lumen.being-encloseri%-n-s^ 


8 being attached to the second wall at a distal end of the first lumen: 

9 introducing the aortic occlusion catheter into a peripheral artery with the 

10 occluding member in the collapsed position; 

1 1 positioning the occluding member in the ascending aorta; 

12 expanding the occluding member after the positioning step; 

13 coupling the first lumen to a source of oxygenated blood; and 

14 infusing oxygenated blood into the patient through the first lumen. 

1 18. The method of claim 17, further comprising the steps of: 

2 coupling the second lumen to a source of cardioplegic fluid; and 

3 infusing cardioplegic fluid into the patient through the second lumen. 

1 19. The method of claim 17, further comprising the steps of: 

2 coupling the second lumen to a source of inflation fluid; 
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the providing step is carried out with the occluding member being a balloon; 
the expanding step being carried out by inflating the balloon with the source of 

inflation fluid from the second lumen, 


15 


WO 00/04942 


PCT/US99/10180 


1 17 


2 



WO 00/04942 


PCT/US99/10180 


2/7 



WO 00/04942 


PCT/US99/10180 


3/7 



WO 00/04942 


PCT/US99/10180 


4/7 



WO 00/04942 


PCTAJS99/10180 


5/7 



x > » * * x t \ \ \ \ \ \ \ \ \ \ \ > \\ /" 
c u + JJ.iJ.J-l.J.i.lJ-LJ.lJ.j.1 v » i j\ [/ 

V \ i 1 1 1 * 1 1 « » « » » i t * i i i "T V — 

U \.J.Li.LJ.LJ.i.LJ.L-La.LJ.LJ.i. L J 

1 ' ' ' I ■ I I I \ I I I J I | , | , , 

I I I » » I I I I I I 1 | | | , | , , 

' ' » ' ' ' * I I I I I I I l l i i , 

' ' > I t t I I t I , , , , , t , , 

* ' * I I I I I I I I I I | / i i , , 

t i i t t i i i i it t i / tiit/ 
\ * 1 i * i * i * t t i t t t t t t t , 
' / ' / / / f i / / / / i / f / , . j 
//////////// / / // // ,,/ 



58 


FIG. 8 



-f 

72 


58 


76 


/set*./ /W. / =w> y^^T-^r 
^ ' """""" 

v v v ^ \ v Fax v v -j 

\ 

Uy^W/W as? ^ 

\ ^ v \ v \ v-^-j 


•72 


FIG. 7 


WO 00/04942 


PCT/US99/10180 



WO 00/04942 


PCT/US99/10180 


7/7 

82 


r — — N ^ 



FIG. 10 


INTERNATIONAL SEARCH REPORT 


International application No. 
PCTtfSW 10180 


A. CLASSIFICATION OF SUBJECT MATTER 

IPCC6) A6IM t 00. 20 00. 31 00 
. US CL . 604/96. 509. 540 

According to international Patent Classitication ilPC) or to both national classification and IPC 


B. FIELDS SEARCHED 


Minimum documentation searched (classification system followed by classitication symbols) 
U.S. : 604/96.102.506-509. 540.914.921:606/192.194 


Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 


Electronic data base consulted during the international search (name of data base and. where practicable, search terms used) 
APS 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Cateeorv* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


US 4.684.363 A ( ARI et al. ) 04 August 1987. see Fig, 5. 


US 4.299.227 A (LINCOFF) 10 November 1981. Figs. 3-5. 


US 5.584.803 A (STEVENS et al.) 17 December 1996, Abstract. 


US 5.421.S26 A (CROCKER et al.) 06 June 1995. Fias. 1-10. 


12-15 


1-11, 16-19 
12-15 

1-11, 16-19 
1-11. 17-19 

12-15 
! 1-11. 16-19 


Further documents arc listed in the continuation of Box C. | | See patent family annex. 


Special categories oi c;:co .:.:cuiiicnts 

V iucument definnm the eener.u ii.ue of the .hi which ls not consideieii 

• o be oi* particular icievance 

n* .\irher document published v mi .» ancr the :::.uion.ii iiium ,2.11c 

"L" iocumeni which may mraw doubts on nr:on:v cuiuniii or amen is 

.tied to establish ihe puuiicatiun date 01' .u-.omer citation or other 
ipeciai reason iai specified 1 

.'»" locum e nt reicrnnc to .111 01.1l disclosure. i*„\ exuibition »'r .-mer 

::iea»i 

P" .ocumeiii puniuhed m Mr to me international :*;.:::c .Mte nut uitcr :itan 

• :;e onontv date claimed 


..iter document published after the international filing date or priority 
:ate nnil not in conflict with the :ir>piicahon but cited to understand 
»he principle or theory unuerlvmc uie invention 

iocumeni of particular relevance, the claimed invention cannot be 
considered iiuvei or cannot be considered 10 involve an inventive step 
■A-heii the document is taken aioue 

:ocum em of particular roievance. the ciaimeil invention cannot be 
jonsiucreu to involve an inventive step when die document is 
combined with one or more other such documents, such combination 
-■emir ouvums 10 a person skilled in the art 

iocumeni member of the same patent family 


Date of ihe actual completion of the mtemationai search 
M) JL'NF 1 090 


Dale 01 maiiinu of the international search report 


O^AUG 1999 



Name and m ailing address of ihe ISA US 
Commissioner 01' Patents and Trademarks 
Box PCT 

Washington. D.C. 10231 
Facsimile No. (703) 305-3230 


A i>mo n zed * o ffiecT, 


^ LOAN II. THANH 
Telephone No. (703) 305-0038 


form PCT ISA 210 fsccond shecOtJulv |'W21* 


INTERNATIONAL SEARCH REPORT 


C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 


International application No. 
PCT.US99/10180 


Cateeorv* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No 


A, P 

A 

A 

A 

A 

A 


US 5,827,220 A (RUNGE) 27 October 1998, entire document. 
US 5,738,649 A (MACOVIAK) 14 April 1998, entire patent. 
US 5,718,680 A (KRAUS et al.) 17 February 1998, entire patent. 
US 5,588,965 A (BURTON et al.) 31 December 1996, figures. 
US 5,002,556 A (ISHIDA et al.) 26 March 1991, figures. 
US 5,002,556 A (Ishida et al.) 26 March 1991, See figures. 


1-19 
1-19 
1-19 
12-15 
12-16 
12-16 


Form PCT ISA 210 (continuation of seenmi sIhvmv i..i<- imiu 


